Pandemic outbreaks of highly virulent influenza strains can cause widespread morbidity and mortality in human populations worldwide. In the United States alone, an average of 41,400 deaths and 1.86 million hospitalizations are caused by influenza virus infection each year . Findings from such studies have revealed the biological significance of PB2 as a virulence factor, thus highlighting its potential as an antiviral drug target.
Expression Testing

Large Scale Fermentation
1. Use a sterile pipette tip to obtain a scrape from a glycerol stock, inoculate 100 ml TB broth (with 50 mg/ml kanamycin) and grow overnight. Shake at 220 rpm and 37 °C. 2. After overnight growth, expand pre-culture by inoculating 1 L of TB broth with EMD autoinduction solutions (see manufacturer's protocol) (with 50 mg/ml kanamycin) in a 2 L baffled flask with 10 ml of the pre-culture (1:100 dilution). 3. Shake the expanded 1 L cultures at 37 °C; change the temperature of the shaking incubator to 20 °C when an optical density of 0.6 (OD 600 ) is reached. 4. After overnight growth, take a representative 10 ml aliquot from each construct for expression testing. 5. Harvest cell paste by centrifugation at 5,000 rpm for 15 min and discard supernatant. 6. Freeze cell paste at -80 °C. 
PROTEIN PURIFICATION
Buffers
Cell Lysis
1. Make 2 L of lysis buffer; do not add lysozyme, protease inhibitor tablets or benzonase (each sample will be lysed separately in 150 ml of lysis buffer). 2. Thaw and resuspend cell paste in lysis buffer at a 1:5 mass:volume ratio by vigorously stirring for 30 min at 4 °C. Break chunks loose from sides of beaker using a clean spatula. During this time period prepare Ni and Dialysis Buffers 3. On ice, lyse the cells using a Misonix sonicator (70% power, 2 sec on/1 sec off pulses for 3 min) and gently swirl container to prevent overheating. Save a small (200 μl) aliquot of crude lysate for future analysis. 4. Clarify the crude lysate by centrifugation at 18,000 x g for 35 min at 4 °C, collect the supernatant and save a small (200 μl) aliquot for future analysis. Store pellet at 4 °C until it is confirmed the protein has been lysed into the soluble fraction. . Outcome analysis for influenza PB2 targets by the methods described. The structure determination pipeline is illustrated in five steps: Cloning, solubility, purification, crystallization and structure determination.
Discussion
Multi-Target Parallel Processing
Structure-based drug design plays an important role in drug discovery. The SSGCID is dedicated to providing the scientific community with threedimension protein structures from NIAID category A-C pathogens. Making such structural information widely available will ultimately serve to accelerate structure-based drug design.
The first critical step of the MTPP approach is construct design. Multiple constructs of each target protein increases the probability of successful structure determination and increases turnaround. It is inevitable that some protein constructs will fail during stages of the pipeline. Implementing the PIPE cloning method supports the MTPP method by allowing the generation of many constructs in 96-well format without labor intensive purification steps. Pairing PIPE cloning with the ability to analyze protein expression in the same 96-well format (Caliper LabChip 90) further expedites the overall flow. The pairing of these methods allows for quick identification of constructs that produce soluble protein which ensures the success of large-scale protein production and purification.
An essential aspect to the success of the MTPP high-throughput is the Protein Maker (US Patent No. 6818060, Emerald Bio) instrument. The Protein Maker is a 24-channel parallel liquid-chromatography system developed specifically to boost the efficiency of high-throughput protein production and related structural genomic pipeline research applications. Using the previously described protocol for the Protein Maker, the advantages are apparent in comparison to a single line FPLC system. A single person can purify up to 48 targets in parallel within an eight hour period. In contrast, a single person using a single line FPLC system can only purify a maximum of four targets within the same timeframe. The high levels of purity for each target achieved with the Protein Maker are a critical factor in the later success of growing protein crystals for structure analysis.
Limitations and Troubleshooting
Solving three-dimensional structures by x-ray crystallography is a multi-staged effort with many challenges, one of which is the inability to obtain large amounts of soluble target protein. One strategy that can be implemented to overcome the solubility problem is the use of an alternative expression host as E. coli cells are unable to perform several important eukaryotic post-translational modifications. Expression in various yeast, insect and mammalian cell lines that are capable of performing these post-translational modifications are often a suitable alternative. Target proteins are sometimes expressed but completely insoluble in the standard lysis conditions. The Protein Maker can be a valuable resource for the rapid testing of alternative cell lysis conditions as described in Smith et al. 2011 through the pipeline. In any structural genomics pipeline, standardized protocols may not be suitable for every target that comes through the pipeline and targets may need individual optimization. For example, we have chosen to use 20% ethylene glycol for every cryoprotectant. In cases that this condition is not suitable, alternative cryoprotectants or concentrations may need to be tested.
Due to the unique nature of each individual protein target, the rate-limiting and unpredictable step in determining a structure is crystallization. The MTPP pipeline offsets the commonly low success rate of protein crystallization with optimization from the initial sparse matrix screens. Each initial crystal hit from commercially available sparse matrix screens is further optimized with an E-Screen Builder (Emerald Bio). The optimization screen is designed around the condition of the initial crystal hit, altering the concentrations of the buffers, salts, and additives. Successful optimization screens yield crystals suitable for diffraction studies and structure determination.
The structural genomics program put forth by the National Institute of Allergy and Infectious Disease (NIAID) provides funding to Emerald Bio and three other Pacific Northwest institutions who together are the SSGCID (Emerald Bio, SeattleBiomed, the University of Washington and Pacific Northwest National Laboratory). Each member of the consortium was chosen for their expertise in applying state-of-the-art technologies required for accomplishing the goals of the NIAID structural genomics program. To date, SSGCID has deposited 461 structures into the PDB ranking it as the seventh largest contributor in the world, and in 2011, the most productive. The protocols and methodologies of the SSGCID are provided with the intention of benefiting the scientific community and perpetuating the research of infectious diseases.
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